26 While axon regeneration is a key determinant of functional recovery of the nervous system 27 after injury, it is often poor in the mature nervous system. 
Introduction

CaMKII activity regulates axon growth of embryonic cortical and hippocampal neurons
Typically, intrinsic axon regeneration ability of the CNS and PNS neurons is different. Therefore, 141 we questioned whether CaMKII regulates the axon regeneration ability of CNS neurons. To test 142 this hypothesis, we treated E14.5 cortical and E18 hippocampal neurons with DMSO or 2.5 μM 143 KN93 for three days. Similarly, treatment of KN93 induced significant axon growth inhibition in 144 both cortical and hippocampal neurons ( Fig. 4A-D) . To further confirm the pharmacological 145 inhibitor results, we used a specific siRNA against CaMKIIγ to knock down CaMKIIγ 146 expression in the E14.5 cortical and E18 hippocampal neurons. In line with the results of 147 pharmacological inhibition results, siCaMKIIγ transfection also markedly inhibited both cortical 148 and hippocampal neuronal axon growth ( Fig. 4E-H ). Taken together, these results suggest that 149 CaMKII activity is required for CNS axon growth as well. 
embryonic CNS neurons
153
A previous study showed that cadmium ions could activate CaMKII in mesangial cells [19] . 154 Consistent with that, we too found that treatment with 10.0 μM CdCl 2 significantly increased the 7 / 23 expression level of phosphorylated CaMKII in cultured DRG neurons (Fig. 5A, B) . Hence, we 156 further examined whether activation of CaMKII with CdCl 2 regulates the vitro axon growth. 157 Interestingly, our results showed that CdCl 2 could significantly promote the axon growth in adult 158 DRG neurons. Similarly, we also found that treatment of CdCl 2 promotes embryonic cortical (Fig. 159 5E, F) and hippocampal neuronal axon growth (Fig. 5G, H) . Thus, these results indicate that 160 activation of CaMKII sufficiently promotes neuronal axon growth in the adult PNS and 161 developing CNS, in vitro. intraperitoneally injected every day for 4 weeks. We found that injection of CdCl 2 could prevent 171 injury-induced axon retraction of the cortical spinal tract (Fig. 6A, B) Previously, we developed the culture-and-replating method to investigate whether regenerative 180 axon growth is gene transcription-dependent or local cytoskeleton assembly-dependent [18] .
Using this model system, we further investigated whether the regulatory effect of CaMKII on 182 axon growth is gene transcription-dependent or growth cone cytoskeleton assembly-dependent.
183
Adult DRG neurons were dissociated and cultured for 3 days, following which these 184 three-day-cultured neurons were suspended and replated to initiate axon growth anew. 185 Interestingly, we found that neurons treated with KN93 during the initial three-day-culture period 186 had no effect on newly growing axons after replating (Fig. 7A, B) . However, axon growth from 187 neurons that were treated with KN93 after replating was significantly blocked (Fig. 7A, B were first subjected to sciatic nerve transection, and seven days after the nerve injury, the L4/L5 193 DRGs were dissected and cultured for 24 h in vitro with KN93 treatment. In line with the results
194
of the culture-and-replating method, we found the KN93 also blocks peripheral axotomy-induced 195 cytoskeleton assembly-dependent axon growth of DRG neurons (Fig. 7C, D) . Together, our data 196 showed that CaMKII mainly regulates local cytoskeleton assembly at the growth cone during 197 axon regeneration. The status of F-actin is known to be regulated by CaMKII in dendritic spines [24] . In addition, 201 our results suggest that CaMKII mainly regulates local cytoskeleton assembly at the growth cone 202 during axon regeneration. Accordingly, we next examined the relationship between the growth 203 cone F-actin status and CaMKII activity. First, our immunoflorescence staining showed that 204 phosphor-CaMKII is located at the frontier tip of the tubulin (Fig. 8A) , and co-localized with 205 F-actin (Fig. 8A) . Furthermore, we found that inhibition of CaMKII activity with KN93 206 significantly reduced the F-actin length (Fig. 8B, C) . In contrast, activation of CaMKII with 9 / 23 cadmium chloride increased F-actin length (Fig. 8 B, Cell culture were performed as described in our previous study [32] . DRGs were isolated 306 from 8-10-week-old adult mice and incubated with collagenase (1 mg/mL) at 37℃for 90 min, 307 followed by 0.25% trypsin for 20 min. The DRG neurons were cultured in MEM medium 308 containing 5% fetal bovine serum, 100 mg/mL penicillin and streptomycin. 
